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(S) Daisy chain multiplexer. 

(g) Each unit of a daisy chain of separate and 
independent multiplexing units (10, 12,14) is 
arranged to accept a group of local audio inputs 
(Audio 1 - Audio 8) and an additional input (18, 
20, 22) from a prior unit in the chain to time 
division multiplex the additional input with the 
local units. Each unit provides a single serial bit 
stream output (20, 22, 24) which comprises the 
additional input to the next identical multiplexer 
unit in the chain. The next multiplexer unit time 
division multiplexes all of its inputs to provide a 
single output which includes a serial pres- 
entation of its own local inputs and the local 
inputs of the preceding multiplexer unit of the 
chain. This single serial output of the next 
multiplexer then forms the additional input of a 
stiil further multiplexer unit of the chain, which 
itself may have its own local inputs. The third 
multiplexer unit provides a single output that is 
a serial presentation of the local inputs of all 
three multiplexers. Additional multiplexer units 
can be added to the chain as may be necessary 
or desirable to accommodate reconfiguration of 
systems with which the multiplexers are used. 
For serial presentation of the local inputs of the 
several multiplexers units, system timing (84) 
provides a time frame, common to all units, that 
is subdivided into a number of subframes (sub- 
frames 1,2,3), which number is equal to the 
maximum number of multiplexer units that is 
expected to be employed in the chain. Each 
individual multiplexer unit of the chain is assig- 
ned a specific one of the subframes which 
uniquely contains data of its local inputs. For 
multiplexer units at the beginning of the chain 
only those subframes at the beginning of a 
frame may have data, whereas other subframes 
contain no data. For a final multiplexer in the 
chain, where the number of multiplexer units is 
equal to the number of subframes, all sub- 
frames contain data, with the data of each 



subframe being unique to the local inputs of the 
single individual multiplexer unit correspon- 
ding to the particular subframe. 
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1. Field of the Invention 

The present invention relates to method and 
apparatus for multiplexing signals and more particu- 
larly concerns flexible multiplexing that is readily 
reconfigurable to accommodate different numbers of 
inputs. 

2. Description of Related Art 

In various systems that are required to handle a 
large number of inputs, such as, for example, in an air- 
craft audio entertainment system, analog signals are 
generally converted to digital form and then time div- 
ision multiplexed for transmission to a plurality of lis- 
tening stations. Commonly, analog to digital 
conversion and multiplexing take place in hardware 
mounted in a single box at a single location, if the sys- 
tem with which the multiplexing arrangement is used 
is to be reconfigured, as when, for example, further 
seats are added to an aircraft and additional audio 
sources are used, additional channels of audio infor- 
mation must be transmitted together with the original 
channels. According to present arrangements, in 
order to support additional audio channels an entirely 
new multiplexer box is required. Furthermore, in such 
systems where both audio and video entertainment is 
employed, it is generally convenient, if not necessary, 
to position the audio source or sources (a CD player 
or tape deck) at locations remote from the location of 
the video source with its audio signals, such as a 
video tape reproducer for example. For such a recon- 
figuration the video audio and the independent audio 
sources must be connected to the same digitizing 
box, which results in a significant additional amount of 
interconnecting wiring. 

Accordingly, it is an object of the present inven- 
tion to provide a multiplexing system which avoids or 
minimizes above-mentioned problems. 

SUMMARY OF THE INVENTION 

In carrying out principles of the present invention 
in accordance with a preferred embodiment thereof, a 
plurality of multiplexer units are effectively cascaded, 
connected in a daisy chain, with all multiplexer units 
employing a common repetitive timing frame that is 
divided into a plurality of subframes. Each multiplexer 
is provided with a number of local inputs and is adap- 
ted to receive a remote input. The common multip- 
lexer timing frame is arranged so that local inputs of 
individual multiplexers are uniquely assigned to indi- 
vidual subframes. Input signals derived from the 
remote input and which correspond to local inputs 
from a prior multiplexer unit in the chain are assigned 
to individual subframes, each of which corresponds to 
an individual one of the prior multiplexer units in the 
chain. 



BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings: 

5 FIG. 1 is a simplified block diagram of a daisy 

chain of multiplexer units embodying principles of 
the present invention; 

FIG. 2a is a timing chart showing data in a frame 
of a first multiplexer in the chain; 
w FIG. 2b is a timing chart showing data in a frame 
of a second multiplexer in the chain; 
FIG. 2c is a timing chart showing data in the last 
multiplexer in the chain; 

FIGS. 3a and 3b together form a more detailed 
15 block diagram of an exemplary one of the multip- 
lexer units of FIG. 1. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

20 

illustrated in FIG. 1 is a daisy chain of three cas- 
caded multiplexer units 10, 12 and 14, each of which 
is provided with two types of inputs and a single out- 
put. The two types of inputs for unit 10 are first, a 

25 group of local analog audio signals, indicated as audio 
1 through audio 6, and, second, an RF (radio fre- 
quency) signal on a line 18. Multiplexer unit 10 has a 
single output on a line 20 which provides a remote 
audio modulated RF signal input for the second mul- 

30 tiplexer unit 12 in the chain. The latter has a plurality 
of local analog audio inputs indicated as audio 7 
through audio 12, and like the first multiplexer unit 10, 
provides a single audio modulated RF output on a line 
22. The latter forms the remote input to the third mul- 

35 tiplexer unit 14, which has a plurality of local analog 
audio inputs indicated as audio 13 through audio 18. 
The third multiplexer unit has an output on a line 24 
which comprises the modulated RF output of the mul- 
tiplexer chain. It will be readily understood that the 

40 numberof audio inputs, indicated as six for each of the 
multiplexer units, is selected solely for purposes of 
exposition, and each multiplexer unit may have fewer 
or more of such inputs. For example, as the descrip- 
tion proceeds, it will be seen that a presently preferred 

45 embodiment is provided with 32 inputs for each of the 
three multiplexer units in a three unit chain, to thereby 
enable handling of a total of 96 local audio inputs. The 
audio inputs are audio analog signals that are derived 
from a suitable analog audio source, such as, for 

so example, a compact disc player, a tape playback 
machine, ora microphone of a public address system. 
The RF signal on input line 18 incudes additional 
audio signals which have been digitized and modu- 
lated upon a suitable RF carrier. It will be understood 

55 that modulation and demodulation is not essential to 
the present invention, and the multiplexing described 
herein may operate on sig nals without any modulation 
or demodulation. 
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The three multiplexer units 10, 12 and 14 may be 
precisely identical, differing only in the nature of the 
inputs thereto. However, for the first unit 10 of the 
chain, there may be no remote or RF input on its input 
line 18. The analog audio signals audio 1 through 5 
audio 6 is each fed to an individual one of a plurality 
(six in this exemplary embodiment) of analog to digital 
converters 26a through 26f, each of which provides a 
serial bit stream comprising a digitized version of the 
analog audio input on a separate one of the input lines 10 
to a conventional set of multiplexer switches 28. An 
additional input to multiplexer switches 28 (provided 
that there is a remote input on line 18) is provided from 
the output of a demodulator 30 within the multiplexer 
unit 10. The demodulator 30, if there is an RF input on 15 
line 18, removes from the RF carrier the serial bit 
stream which comprises digitized audio samples that 
have been modulated upon the carrier. The multip- 
lexer output on a line 32 may also include a plurality 
of data bits representing the remote input (if any) that 20 
comprises digitized audio signals demodulated from 
the RF input signal on line 18. 

Multiplexer unit 10 includes a timing unit (not 
shown in FIG. 1), more particularly described below, 
which sets up a common repetitive timing frame illus- 25 
trated in FIG. 2a. The train of timing frames is defined 
by a frame sync at points indicated in FIG. 2a at 34 
and 36, and each frame is divided into equal length 
subframes at points 38,40. Although equal length sub- 
frames are presently preferred, it will be understood 30 
that the subframes need not be of equal length pro- 
vided that duration of each remains constant through- 
out the chain. Each subframe is uniquely assigned to 
one, and only one, multiplexer unit of the chain. Each 
of the subframes is divided into a plurality of equal 35 
length time slots, with one such time slot being pro- 
vided for each local input to the multiplexer unit That 
is, for each of the inputs audio 1 through audio 6, in 
this exemplary embodiment, there is provided one 
time slot of subframe 1 in each frame of the train of 40 
frames. 

The time slots for subframe 1 of the timing diag- 
ram of FIG. 2a are indicated as S1 , S2, S3, S4, S5 and 
S6. For convenience of exposition, the several sub- 
frames of the frame are denoted subframe 1 , uniquely 45 
corresponding to and assigned to multiplexer unit 10, 
subframe 2, uniquely corresponding to and assigned 
to multiplexer unit 12, and subframe 3 uniquely corre- 
sponding to and assigned to multiplexer unit 14. It will 
be understood that the drawings illustrate only an 50 
example having three subframes corresponding to a 
daisy chain having three multiplexers. However, the 
time frame is established to have a number of sub- 
frames equal to the maximum number of daisy chain 
multiplexer units that is expected to be employed in 55 
this configurable and reconfigurable system. Thus 
each frame may have a number of subframes greater 
than the number of multiplexer units, but never less. 



As will be seen from the following description, not all 
subframes contain data. Some are empty. 

At the output of multiplexer switches 28 on line 32 
appears a serial bit stream of digitized audio samples, 
with the signals appearing in sequence and with the 
bits of each sample being assigned to an individual 
one of the several time slots in a subframe. Each 
sample, as digitized by the analog to digital conver- 
ters, may comprise sixteen bits. With such an 
arrangement each sixteen bits of a single sample will 
appear in a single time slot, as indicated by the sev- 
eral bits appearing in each of the time slots S1 -S6 of 
subframe 1 of FIG. 2a. The sixteen bits of the next 
sample of this same signal appear in the same time 
slot of the next frame, etc. The multiplexer unit timing 
is arranged to cause the digitized samples of the local 
inputs of unit 10, namely the digitized samples of 
inputs audio 1 through audio 6, to be positioned in the 
respective slots of subframe 1. Because, in the 
example under discussion, there is no signal at the RF 
input 18 of multiplexer unit 10, all of the time slots of 
subframe 2 and subframe 3 are empty for this first unit 
of the daisy chain. Subframe 2 and subframe 3 are 
uniquely assigned to multiplexer units 12 and 14, re- 
spectively. The frame repeats at a rate which is con- 
sistent with the audio sampling rate of the system, on 
the order of 8000 frames per second to 46000 frames 
per second. In an exemplary embodiment for handling 
three separate groups, each of 32 inputs, with a frame 
rate of 8000 frames per second, the timing provides 
a single frame duration of approximately 125 micro- 
seconds, with each time slot having a duration of 1.3 
microseconds. 

As previously described, the digitized samples 
from the A/D converters of multiplexer unit 10 are fed 
through the time division multiplexer switches 28 to 
provide the serial bit stream illustrated in slots S1 
through S6, with the bits in each slot denoting the am- 
plitude of a single sample of a single one of the audio 
inputs. The digitized samples are then modulated, in 
a modulator 46, upon an RF carrier so that the output 
of the multiplexer unit, which appears at the output of 
the modulator 46 on line 20, is an RF signal, as pre- 
viously described, which has modulated thereon a 
serial bit stream representing digitized samples of a 
plurality of analog audio signals. This modulated RF 
signal on line 20 also includes the frame sync signals 
and is fed to the remote or RF input of the second unit, 
multiplexer unit 12, in the chain. This unit also has 
local audio inputs, denoted as audio 7 through 12. 
Just as described in connection with multiplexer unit 
10, the several local audio signals are digitized in 
analog to digital converters 48a through 48f, and the 
modulated RF signal on line 20 is demodulated in a 
demodulator 50, thereby providing on the several 
input lines to multiplexer switches 52 of unit 12 seven 
inputs (six local audio and one remote from RF), each 
of which comprises a digitized sample of an audio sig- 
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nal. Multiplexer switches 52 provide a single serial bit 
stream on its common output line 54 to a modulator 
56, which modulates all of the digitized samples upon 
an RF carrier to provide on output line 22 an RF signal 
that is modulated with the digitized samples of the 5 
local audio inputs to both multiplexer units 10 and 12. 

Because, in the example under discussion, the 
first unit, unit 10, receives no remote input, it gener- 
ates the repetitive timing frame sync and time slot sig- 
nals which will be used by the entire chain. In this 10 
example under discussion, the second unit 12 
receives a modulated RF signal in addition to its local 
audio inputs. The modulated RF signal also cam'es 
frame sync signals, from which a counter subject to 
the system clock generates the subframe and time 15 
slot signals. Therefore, to synchronize timing through- 
out the chain, the sync signals of the remote signal 
received on line 20 are employed for purposes of tim- 
ing. Thus, the system ensures that the timing of the 
second multiplexer unit 12 will be the same as the 20 
frame and slot timing of the first multiplexer unit. 
Where, as previously described, the multiplexer unit 
receives no RF input, it provides its own frame and 
slot timing. 

The third multiplexer unit 14, which is identical to 25 
each of the other two, is provided with its own local 
audio inputs, identified as audio 13 through audio 18, 
which are fed to six individual analog to digital conver- 
ters 60a through 60f, and thence to the third unit mul- 
tiplexer switches 62. The modulated RF output of the 30 
second multiplexer unit 12 is fed on line 22 as the 
remote input to the demodulator 64 of the third mul- 
tiplexerunit 14, which removes the RF carrier from the 
digitized samples of this remote input and feeds a 
serial bit stream to the multiplexer switches for time 35 
division multiplexing together with the digitized ver- 
sions of the local audio inputs from converters 60a 
through 60f. The output of multiplexer switches 62 is 
fed to the third unit modulator 66, which provides on 
output line 24, as the output of the entire chain of mul- 40 
tiplexers, an RF signal upon which are modulated all 
of the inputs to all of the multiplexers. 

The first subframe has its time slots S1 through 
SB uniquely allotted to the digital samples of the local 
inputs audio 1 through 6 of the first multiplexer, as 45 
shown in FIG. 2a. The time slots of the second sub- 
frame, in the second multiplexer unit 12, are shown in 
FIG. 2b. Time slots S7 through S12 in the timing 
frames of the second unit are uniquely allotted to the 
local inputs of the second unit, and thus each time 50 
frame of multiplexer 12 has two data filled subframes. 
Subfrrame 3 is still empty in the second unit of the 
chain. As can be seen in FIG. 2b, subframe 1 of each 
frame of multiplexer unit 1 2 carries the digitized sam- 
ples of the local inputs of multiplexer 10, subframe 2 55 
of the second multiplexer unit time frame carries digi- 
tized samples of its own local audio inputs, and the 
subframe 3 of time frames of the second multiplexer 



unit are still blank. 

The third multiplexer unit, like the second, 
receives a modulated RF signal and thus employs the 
frame sync of this RF signal to establish its own frame 
and slot timing. In this third multiplexer unit, as can be 
seen in FIG. 2c, each of the subframes, namely sub- 
frames 1, 2 and 3, is provided with data in all of the 
time slots, with the time slots 1 through 6 of subframe 
1 still being uniquely allotted to local inputs of the first 
multiplexer unit, subframes S7 through S12 of sub- 
frame 2 being uniquely allotted to the local inputs unit 
12, and the third subframe having its time slots 
uniquely allotted to the local audio inputs of the third 
multiplexer unit 14. 

The arrangement enables one or more multip- 
lexers to be added to the chain, simply connecting 
additional multiplexers in series. For example, should 
a system initially require only six audio inputs, it would 
then employ only a single one of the multiplexer units, 
which is capable of handling the six audio inputs. 
When such system is reconfigured and enlarged to 
handle an additional six audio inputs, it is not neces- 
sary to discard the original multiplexer and replace it 
with one of increased capacity. It is merely necessary 
to interconnect a second multiplexer unit, such as 
multiplexer 12, which uniquely receives the additional 
audio inputs, and to feed the modulated RF output of 
the first multiplexer to the appropriate input of the sec- 
ond multiplexer. The modulated RF output of the sec- 
ond multiplexer transmits the bit stream of digitized 
audio signals from all inputs of both multiplexer units 
as modulated on its RF carrier. Still further enlarge- 
ment of the system may require use of additional local 
audio inputs, and thus one may simply add an 
additional multiplexer unit identical to those previ- 
ously described, or such an additional unit may be 
inserted between any existing units, at any point in the 
chain. 

Thus it will be seen that the use of this type of mul- 
tiplexer unit enables simplified reconfiguration of the 
system to accommodate different numbers of inputs 
without either requiring initial use of excess capacity 
(except for one unused switch of the amy of multi- 
plexing switches) or scrapping of outdated units of too 
little capacity. Further, the several multiplexer units 
need not be located together, but may be conve- 
niently located adjacent the input sources themsel- 
ves. Such input sources, such as CD players, tape 
players and video tape decks are of relatively large 
size and are often desirably located at mutually diffe- 
rent locations on an aircraft The several digital mul- 
tiplexer units may be located at such different 
locations, each adjacent its local input sources, with- 
out running large bundles of wires between locations. 

Illustrated in FIGS. 3a and 3b is a block diagram 
of an exemplary passenger entertainment system 
controller (PESC) which includes a single multiplexer 
unit of the type illustrated in FIG. 1. FIGS. 3a and 3b 



4 



7 



EP 0 492 862 A2 



8 



form a single diagram when FIG. 3a is positioned 
immediately above FIG. 3b. 

The local analog audio inputs to this exemplary 
controllerand its multiplexer unit are 32 in number and 
designated as CH1 through CH32 inclusive. A modu- 5 
lated RF signal including a relatively low frequency 
carrier having video modulation and a higher fre- 
quency carrier having audio modulation is provided 
on an input line 70 as the remote input to this multip- 
lexer unit of the controller. Thus the RF video on line 1 o 
70 may comprise (a) a number of analog video sig- 
nals, each modulated on its own carrier of a group of 
video carriers within the frequency band of about 50 
- 300 megahertz and (b) a number of digitized audio 
samples serially modulated upon an audio RF carrier 15 
having a frequency of about 360 megahertz (well 
above the video carrier frequencies). This multiplexer 
unit accordingly may correspond to either of the sec- 
ond or third multiplexer units 12 and 14 of FIG. 1 in that 
it does receive the "remote" RF input. Each audio sig- 20 
nal is input on a pair of lines, such as lines 72,74 for 
channel 1, fed to a buffer 76 and then to the analog 
to digital converter 78, which provides, for example, 
1 6 bits per sample. The 16 bit digitized sample is then 
compressed with, for example, a 4:1 compression 25 
ratio in a suitable data compressing processor, such 
as for example the digital signal processor model 
TMS320C14 made by Texas Instruments and 
denoted as compression logic 80 in FIG. 4. The output 
of the compression logic 80 is fed to a three state 30 
switch 82, having a control line designated as 
TSAE01 , which is connected to and controlled by the 
similarly labeled output of a multiplexer timing circuit 
84. Each of the 32 local audio inputs is fed through its 
own buffer, analog/digital converter, compressor and 35 
tri-state switch, which all are identical to those illus- 
trated for channel 1 input. A plurality, such as five for 
example, of public address audio inputs are provided 
as indicated for PA zones 1 through 5, each on a pair 
of lines and each, like the other audio inputs, fed 40 
through its own buffer, analog to digital convertor, 
compressor and tri-state switch TS, which are control- 
led by switch inputs TSPA01 through TSPA05. The 
modulated RF with its video and two audio signals, on 
input line (coaxial cable) 70 is fed through a filter 86, 45 
which provides the low carrier frequency RF with its 
modulated video on a line 88, and the high carrier fre- 
quency RF component with its audio modulated the- 
reon on a line 90. The high frequency carrier with its 
audio, on line 90, is demodulated in a demodulator 92 so 
to remove the RF carrier and then decoded in a 
decoder 94, which recovers both data and sync sig- 
nals present in the encoded audio that is fed to 
demodulator 92. It may be noted at this time that the 
digitized audio may be compressed and encoded, if 55 
deemed necessary or desirable, in one of several 
methods such as, for example, one arrangement that 
provides 5 bits out for every 4 bits In, and termed a 



"4B/5B NRZI Encoding Scheme". Such an encoding 
scheme is contemplated for a presently preferred 
embodiment of the invention but is not necessary for 
operation of the multiplexer units of the present inven- 
tion. Thus, the digitized audio is compressed and 
encoded in a 4B/5B NRZI encoder provided in each 
multiplexer unit just prior to its modulator (see 
encoder 1 14 of FIG. 3a). 

At the output of the decoder 94, then, appears a 
clock or data strobe on a line 96 and the frame sync 
on a line 98 which are contained in the encoded digi- 
tized samples modulated on the RF carrier that is 
received at input 70. This data strobe, which times the 
individual time slots, and the sync, which is the frame 
synchronizing signal, are fed to the multiplexer timer 
84, which is a counter that provides the several indi- 
cated multiplexer switch operating outputs, including 
TSX,TSAE01 through TSAE32, and TSPA01 through 
TSPA05. This timer also provides on lines 102 and 
104 an internally generated frame sync signal and a 
time slot or data strobe signal for use when such data 
strobe and sync signals are not available from the RF 
input (e.g. when there is no RF input to this multiplexer 
unit). 

The data from the previous unit, which has been 
fed via RF input 70, is provided on a line 1 08 from the 
decoder 94 and thence to a tri-state switch 1 1 0, which 
is operated by the TSX signal from the timer 84. The 
several tri-state switches collectively comprise the 
switches of a conventional time division multiplexer, 
and are opened in sequence in accordance with con- 
trol signals from the timer 84. All of the tri-state 
switches have their output connected in common to a 
single multiplexer output line 112. The signal of the 
single common line 112 comprises a composite 
frame, including the several subframes described 
above in connection with FIGS. 1 and 2. Thus the 
serial bit stream appearing on the common line 112 
includes data in the time slots of its various sub- 
frames, as indicated in any one of FIGS. 2a, 2b and 
2c, depending on whether the multiplexer unit illus- 
trated in FIG. 3 is the first, second or third in the daisy 
chain. Thus, for example, if the unit illustrated in FIG. 
3 corresponds to unit 12, which Is the second of the 
units in the daisy chain of FIG. 1 , then only subframes 
1 and 2 have digitized samples in their time slots, 
whereas the time slots of subframe 3 have no data 
(see FIG. 2b). The composite data in the several sub- 
frames of each frame, on line 1 12, is then encoded in 
a 4B/5B NRZI encoder 114 (previously described), 
which is the companion to the decoder 94. Again, 
encoder 114 is contemplated for inclusion in a pre- 
sently preferred embodiment but may be completely 
omitted (with omission of the corresponding decoder 
94) from the described chain of multiplexer units 
because this encoding and decoding is not required 
for operation of the present invention. 

The composite data bit stream from encoder 1 14 
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is fed on a line 116 to a modulator 118, which modu- 
lates the data bit stream on an audio RF carrier having 
a frequency in the order of about 360 megahertz. This 
provides an audio modulated RF carrier on a line 120 
which is combined with the video modulated RF car- 5 
rier on line 88 after the latter has been amplified in an 
amplifier 124 and fed via an RF video line 126 as one 
of the two inputs to a combining circuit 1 28. The other 
input to circuit 128 is the audio RF on line 120. The 
output of combining circuit 128 on line 1 30 comprises 10 
the modulated RF carrier output of the multiplexer unit 
illustrated in FIG. 3. 

For purposes not connected with the operation of 
the multiplexer unit, the controller illustrated in FIG. 3 
also includes a microprocessor 140, having a memory 15 
142, and a plurality of inputs fed via an input buffer 
144 and an input buffer 146 (see the lower end of FIG. 
3b) that provides data and other control and monitor- 
ing information to the microprocessor. An output of 
the microprocessor is provided via an interface logic 20 
circuit 148 on a controller output line 150. Additional 
data from monitors at various points in the system 
may be provided as inputs to an input/output logic cir- 
cuit 152 for the microprocessor 140. Various power 
levels used internally of the controller may be pro- 25 
vided from a power supply 156, which uses inputs 
from lines 158 and 160. 

Although the embodiments described herein, for 
purposes of exposition, multiplex audio and video sig- 
nals that are modulated on RF carriers, it will be 30 
understood that principles of this invention are applic- 
able to multiplexing signals of many other types 
whether or not audio or video and whether or not 
employing carriers of RF or other frequencies. 



Claims 

1 . A multiplexer unit comprising: 

means for providing a first group of inputs, 40 
means for providing a second group of in- 
puts, 

multiplexer timing means for establishing a 
repetitive time frame subdivided into a plurality of 
subframes, each said subframe being divided into 45 
a plurality of time slots, and 

means responsive to said first and second 
groups of inputs and said timing means for time 
division multiplexing said inputs to provide a com- 
posite serial bitstreamof data bits, data bits of the so 
inputs of said first group all being uniquely assig- 
ned to an individual one of said subframes and 
data bits of said second group being uniquely 
assigned to a an individual one of said subframes, 
at least some of the time slots of one of said sub- 55 
frames being free of any data bits. 

2. The multiplexer of Ciaim 1 wherein no data bits 



are assigned to ail time slots of at (east one of said 
subframes. 

3. The multiplexer of Ciaim 1 wherein said repetitive 
time frame is subdivided into a number of sub- 
frames that is greater than the number of said 
groups of inputs, and wherein the data bits of said 
groups of inputs are assigned to less than ail of 
said subframes whereby there are no data bits in 
at least one of said subframes. 

4. The multiplexer of Claim 1 wherein the inputs of 
said second group are greater in number than the 
number of time slots in said second subframe and 
include first and second subgroups, and wherein 
data bits of the first subgroup of inputs of said sec- 
ond group of inputs are uniquely assigned to time 
slots of said second subframe and wherein data 
bits of a second subgroup of said second group 
of inputs are uniquely assigned to time slots of a 
third one of said subframes. 

5. The multiplexer of Claim 1 wherein the inputs of 
said first group of inputs include local analog 
audio signals, and including converter means for 
individually converting each of said local analog 
audio signals to digital samples representing 
such analog audio signals. 

6. The multiplexer unit of Claim 5 wherein said sec- 
ond group of input signals comprises a group of 
digitized samples of audio signals modulated 
upon an RF carrier, means for demodulating said 
carrier to provide a bit stream of said digitized 
samples for time division multiplexing with the 
digitized samples of said first group of input sig- 
nals. 

7. A chain of multiplexers comprising: 

first and second multiplexer units, 

said first multiplexer unit having a plurality 
of local inputs and an output, 

said second multiplexer unit having a 
plurality of second unit local inputs and having a 
remote input connected to receive the output of 
said first multiplexer unit, 

said first multiplexer unit including: 

timing means for generating frame sync 
signals establishing a repetitive frame divided 
into plurality of subframes, 

means in said first multiplexer unit for time 
division multiplexing said input signals and 
assigning all of said input signals to individual 
time slots in a selected one of said subframes, a 
second one of said subframes having no signals 
assigned thereto, 

said first multiplexer unit having an output 
including signals of said selected subframe and 
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bearing frame sync signals, said second multip- 
lexer unit including: 

means for multiplexing said second unit 
local inputs with the remote input from the output 
of said first multiplexer unit, 5 

second timing means for establishing a 
second multiplexer timing frame based upon said 
frame sync signals of said first multiplexer unit 
output, said second multiplexer timing frame hav- 
ing said plurality of subframes, 10 

said second timing means including 
means for assigning signals contained in the out- 
put of said first multiplexer unit to said selected 
one of said subframes and for assigning said sec- 
ond unit local inputs to said second one of said 15 
subframes to provide an output from said second 
multiplexer unit comprising said first multiplexer 
unit local inputs followed by said second unit local 
inputs. 

20 

8. The apparatus of Claim 7 wherein said first and 
second multiplexer units are positioned at a dist- 
ance from one another. 

9. The apparatus of Claim 6 including modulator 25 
means in said first multiplexer unit for modulating 

said local input to said first multiplexer unit upon 
a radio frequency carrier together with frame sync 
signals, to provide a modulated RF carrier output, 
said second multiplexer unit including means for 30 
demodulating said RF carrier output and deriving 
frame sync signals therefrom for defining frame 
and subframes for said second multiplexer. 

10. A method for time division multiplexing different 35 
groups of input signals comprising the steps of: 

providing a first group of inputs, 
time division multiplexing digitized sam- 
ples of the signals of said first group of inputs in 
a train of repetitive time frames each divided into 40 
a plurality of subframes, each having a plurality of 
time slots, 

assigning the digitized samples of said first 
group of inputs to respective time slots of first indi- 
vidual one of said subframes, 45 

transmitting as a remote signal said repeti- 
tive time frames and the subframes of each frame 
with said digitized samples in said first individual 
subframe, and at least one other subframe having 
no d ig itized samples, 50 

providing a second group of inputs, 

establishing a train of repetitive time 
frames synchronized with said first mentioned 
train and subdivided into said plurality of sub- 
frames and time slots, 55 

time division multiplexing said remote sig- 
nal with said second group of inputs, said last 
mentioned step of multiplexing comprising: 



assigning digitized samples of said remote 
signal to time slots of said first individual one of 
said subframes, 

providing digitized samples of a second 
group of inputs and assigning them to time slots 
of a second individual one of said subframes, and 

providing an output signal comprising said 
time frames with digitized samples in said first 
and second individual subframes. 

11. The method of Claim 10 wherein said multip- 
lexers are positioned at mutually displaced loca- 
tions. 

12. The method of Claim 10 wherein said first group 
of inputs comprises the output of a first signal 
source located at a first position, and said second 
group of inputs comprises the output of a second 
signal source located at a second position dis- 
placed from said first position, said step of per- 
forming said first mentioned multiplexing being 
carried out at a location adjacent said first signal 
source and said step of multiplexing said remote 
signal being carried out at a position closely adja- 
cent the location of said second audio source. 

13. A daisy chain multiplexing system comprising: 

a first audio source providing a first group 
of local analog audio inputs, 

a first multiplexer unit comprising: 

a plurality of analog to digital converters 
each connected to uniquely receive a different 
one of said local analog audio inputs and to pro- 
vide digitized samples of said local inputs, 

an array of multiplexing switches connec- 
ted to receive said digitized samples and provide 
a composite stream of said samples, 

multiplexer timer means for generating 
frame sync and time slot signals for establishing 
a repetitive frame divided into at least first and 
second subframes, each said subframe having a 
plurality of time slots, 

said timer means including means for 
assigning digitized samples of said local inputs to 
the time slots of said first subframes and for keep- 
ing time slots of said second subframe free of digi- 
tized samples, 

means for combining the frame sync and 
time slot signals with said composite serial bit 
stream of samples from said multiplexing 
switches to provide a combined first multiplexer 
unit output, 

a second audio source positioned at a 
location remote from said first audio source and 
providing a second group of local analog audio 
inputs, 

a second multiplexer unit positioned adja- 
cent said second audio source and comprising: 
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a second plurality of analog to digital con- 
verters each connected to receive a different one 
of said second local analog audio Inputs, and to 
provide digitized samples thereof, 

a second array of multiplexing switches 5 
connected to receive said digitized samples from 
said second plurality analog to digital converters, 
one of said second group of multiplexing switches 
being connected to receive said combined first 
multiplexer unit output, said switches being con- 10 
nected to provide a combined second multiplexer 
unit output, 

second multiplexer timer means in said 
second multiplexer unit responsive to the frame 
sync and time slot signals of said first combined 15 
multiplexer unit output for establishing a repetitive 
frame and time slots therefor for said second mul- 
tiplexer, said repetitive frame of said second mul- 
tiplexer being subdivided into at least first and 
second subframes, 20 

said second timer means including means 
for uniquely assigning digitized samples of the 
first group of local audio inputs from said first 
source to a first one of said subframes and for 
assigning the digitized samples of the second 25 
group of local analog audio inputs to said second 
subframe to provide said combined second mul- 
tiplexer unit output including in each frame 
thereof digitized samples of said first group of 
audio inputs from said first source followed by 30 
digitized samples of said second group of audio 
inputs from said second source. 

14. The daisy chain multiplexer of Claim 13 including 
modulator means connected to said first men- 35 
tioned multiplexing switches for modulating said 
combined first multiplexer unit output upon an RF 
carrier to provide an RF carrier output having 
modulated thereon digitized samples of the local 
inputs from said first audio source and frame sync 40 
signals. 

15. The multiplexer of Claim 14 wherein said second 
multiplexer unit includes demodulator means for 
demodulating said RF carrier output and extract- 45 
ing frame sync and time slot signals therefrom, 

said second timer means being responsive to 
said frame sync signal for establishing frame 
synchronization and time slot positions of the 
composite signal combined second multiplexer so 
unit output 

16. A multiplexer unit comprising: 

timing means for generating a train of 
repetitive time frames each subdivided into a 55 
plurality of subframes, each said subframe hav- 
ing a plurality of time slots, 

means for providing a plurality of input sig- 



nals to said multiplexing unit, 

means responsive to said input signals for 
sequentially positioning each of said input signals 
in successive time slots of one of said subframes 
to provide a multiplexer unit output comprising a 
train of repetitive time frames each having an 
input signal in successive time slots of a single 
one of its subframes, and having no signals in 
time slots of the other of its subframes. 
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